significant differences between incubation media neither after thawing nor after incubation. 28
There were no significant correlations between fertility and sperm parameters assessed by 29 flow cytometry. However, after incubation in the freezing extender, sperm samples from 30 males with poor fertility yielded less linearity and velocity (P < 0.05) as indicated by motility 31 parameters analysed by CASA. These results indicate that kinematic sperm motility 32 parameters evaluation by CASA might be useful to identify samples with poor fertility. 33 A c c e p t e d M a n u s c r i p t 7 then plunged into liquid nitrogen. Thawing was performed by putting the straws in a water 129 bath with saline at 37 °C for 30 s, and the contents were transferred into a glass tube. 130 131
Artificial insemination trials 132
Thawed sperm samples from the six males were used to inseminate 551 ewes in eight 133 farms. Sperm samples from each male were used to inseminate between 11 and 262 females. 134
The ewes were synchronized using progestagen pessaries (30 mg fluorogestone acetate, FGA; 135
Chronogest, Intervet, The Netherlands) for 13 d followed by 500 IU equine chorionic 136 gonadotrophin (eCG) at pessary removal. Ewes were inseminated intrauterine by laparoscopy 137 at 55 to 58 h after pessary removal. Two technicians performed all intrauterine inseminations 138 in different dates. 139
A male was considered to have contributed to a successful fertilization when the 140 female lambed. Fertility rate for each male was calculated as follows: number of lambed 141 ewes/number of ewes inseminated ×100. This rate was called male fertility. 142 143
Assessment of frozen-thawed sperm 144
Thawed samples were incubated for 2 h (37 °C) without dilution (i.e., in the freezing 145 extender) or after dilution 1:25 in SOF medium, at 5 % CO 2 (38 °C). Samples were analyzed 146 after this incubation time by CASA and flow cytometry. Sperm motility (subjective) was 147 assessed for each sample after thawing. Percentage of individual motile sperm (motility) wasA c c e p t e d M a n u s c r i p t 
8. Statistical analysis 222
All statistical analysis was performed using SPSS for Windows version 17.0 (SPSS 223 Inc., Chicago, IL, USA). All variables that were not normal were transformed using the arc 224 sine (percentages) or decimal logarithm. Statistical signification was considered when P < 225 0.05. 226
A preliminary study was conducted to estimate the effects of some environmental 227 factors on fertility outcomes. These factors were: year and season of insemination, farm in 228 which females were managed, technicians who perform the inseminations and the number of 229 ewes inseminated per male. All factors showed a significant effect with the exception of 230 number of ewes inseminated per male. Therefore, prior to examining the relationships among 231 male fertility and sperm traits, fertility outcome was corrected by all these significant factors 232 as a way to reduce the variability due to other factors than the sperm characteristics. The study 233 of the relationships among male fertility by intrauterine insemination and sperm features were 234 performed by using a uni-variate linear regression. 235 236
Results 237

Semen evaluation 238
The effects of sperm incubation either in the freezing extender or in the SOF medium 239 are summarized in Table 1 and 2. Table 1 shows several motility variables as yielded by the 240 CASA system. No significant differences (P > 0.05) were detected between the two media 241 after thawing and after 2 h of incubation. Motility parameters PM, VAP, VCL, VSL and ALH 242 decreased during incubation, regardless of the medium used for incubation. Total motility, 243 however, decreased (P < 0.05) only in those samples diluted with the freezing extender, whileA c c e p t e d M a n u s c r i p t Table 2 presents the effect of dilution and incubation during 2 h in the freezing 246 extender (37 °C) and in the SOF (38 °C, 5% CO 2 ) on flow cytometry variables. Results 247
showed an overall decrease in sperm quality as assessed by flow cytometry after incubation, 248 whereas no significant differences were observed between the two media (P > 0.05). 249 250
Correlations between sperm parameters and in vivo fertility 251
The sperm samples used in this study were selected based on heterogeneity regarding 252 its in vivo fertility. Three males were selected with an average fertility above 50% and three 253 males with an average fertility below 50%. Male fertility by intrauterine artificial 254 insemination ranged from 22% to 83%, with a mean value of 44%. There were differences in 255 fertility among males (P = 0.003). 256
The possible relation between kinematic and flow cytometry variables with in vivo 257 fertility was studied using a lineal regression analysis. There were relationships between some 258 kinematic parameters and field fertility only after 2 h of incubation in the freezing extender. 259
In this regard, average-path velocity (VAP), the curvilinear velocity (VCL) and the head beat were proposed. First, the objective was to study the quality of cryopreserved sperm using anA c c e p t e d M a n u s c r i p t 13 could improve the relation between sperm quality variables (as assessed after incubation) with 271 field fertility. Therefore, it could be concluded from these results whether these incubation 272 models were practical, as a standard method for improving sperm quality assessment. 273
Complementary with the first objective, the second objective aimed to identify laboratory 274 techniques that would be most appropriate for, in the experimental approach defined by the 275 first objective, to quickly and effectively evaluate the fertility potential of a sperm sample. 276
Motility has been considered one of the most important characteristics associated with 277 the fertilizing ability of sperm (Saacke and White 1972) . In the present study, a decrease in 278 motility variables was detected after the incubation, reflecting the stressful situation that 279 sperm incur in these conditions. Interestingly, a positive relationship was detected among It must be pointed out that these studies did not make use of a pre-treatment of thawed 312 sperm prior to the study of sperm quality. The incubation of sperm at physiological of above 313 physiological temperatures is a challenge that may help to uncover the authentic fertility 314 potential of the sample. This kind of treatment can be helpful for other kind of experiments. 315
For instance, in a recent study the post-thawing quality of red deer sperm cryopreserved with 316 different antioxidants were not very differentfrom the control, but after incubating theM a n u s c r i p t 15 present study it was found that there was a direct relationship between motion parameters and 319 fertility, and mitochondria have been considered a fundamental organelle to sperm physiology 320 
